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[57] ABSTRACT 

A device for measuring the density of a bone structure 
so as to monitor the calcium content thereof. A pair of 
opposed spaced ultrasonic transducers are held within 
a clamping apparatus closely adjacent the bone being 
analyzed. These ultrasonic transducers incude piezo- 
electric crystals shaped to direct signals through the 
bone encompassed in the heel and finger of the sub- 
ject being tested. A pulse generator is coupled to one 
of the transducers and generates an electric pulse for 
causing the transducers to generate an ultrasonic 
sound wave which is directed through the bone struc- 
ture to the other transducer. An electric circuit, in- 
cluding an amplifier and a bandpass filter couples the 
signals from the receiver transducer back to the pulse 
generator for retriggering the pulse generator at a fre- 
quency proportional to the duration that the ultra- 
sonic wave takes to travel through the bone structure 
being examined. An oscilloscope and frequency 
counter is coupled to the bandpass filter for determin- 
ing the frequency that the pulse generator is retrig- 
gered so as to determine changes in the calcium con- 
tent of the bone being analyzed. 

5 Claims, 4 Drawing Figures 
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ULTRASONIC BONE DENSITOMETER 

ORIGIN OF THE INVENTION 

The invention described herein, was made by an em- 
ployee of the United States Government, and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates generally to an ultrasonic bone 
densitometer, and more particularly to a device for 
monitoring the calcium content of bone structures. 

Recently, as a result of long travel in outer space, it 
has been determined that due to inactivity of astronauts 
and the like, the calcium content of the astronauts 
bones tend to decrease. It is important to monitor this 
condition so that the astronaut’s bone strength will not 
deteriorate to a dangerous level. Another cause of the 
loss of this calcium is due to the weightlessness of 
“zero” gravity conditions encountered in outer space. 

It has been found that it is very important to monitor 
this bone, or calcium condition, so as to take appropri- 
ate steps to correct the condition if it approaches a dan- 
gerous level. One means of correcting this deficiency of 
calcium is by increasing the amount of exercise of the 
astronaut. Of course, another way of preventing this 
calcium deficiency is by taking internal medicine. 

Ultrasonic devices have been utilized for measuring 
the physical properties of various components, such as 
bones and muscles, and examples of such devices are 
disclosed in U.S. Pat. No. 3,477,422 granted to J' M. 
Jurist, Jr., et al. on Nov. 11, 1969, and U.S. Pat. No. 
3,345,863 granted to E. A, Henry, et al. on Oct. 10, 
1967. While these devices may operate satisfactorily 
for the purposes intended, it is important to have a 
bone densitometer which can be conveniently utilized 
by astronauts and the like, which insures the positive 
positioning of the bone, such as the heel bone (os cal- 
cis), and the second joint of the third finger of the left 
hand (finger phalanx L-4-2). These two bones repre- 
sent a normally active high stressed bone and a nor- 
mally inactive low stressed bone. By examining these 
particular bones, generally the overall condition of cal- 
cium content of the bones of the astronauts can be de- 
termined. 

SUMMARY OF THE INVENTION 

The invention comprises a pair of clamping devices 
provided for determining the calcium content of a fin- 
ger bone and a heel bone of the subject being tested. 
Each of the clamping devices includes means for accu- 
rately and positively clamping the bone being analyzed 
between a pair of ultrasonic transducers: One of the 
transducers acts as a transmitting transducer, while the 
other acts as a receiving transducer. Pulses are fed to 
the transmitting transducer producing a ringing sound 
which is directed through the bone being tested. The 
receiver transducer, in turn, takes this sound and gen- 
erates a signal responsive thereto, which is utilized to 
retrigger the pulse generator. The frequency that the 
pulse generator is retriggered is proportional to the cal- 
cium content of the bone being analyzed. An oscillo- 
scope and frequency counter is provided for monitor- 
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ing the frequency produced by the receiver transducer. 

Accordingly, it is a general object of the present in- 
vention to provide an improved bone densitometer. 

5 A more specific object of the invention is to provide 
an ultrasonic bone densitometer which can be operated 
accurately by relatively inexperienced personnel. 

Still another important object of the present inven- 
tion is to provide an ultrasonic bone densitometer 
10 which utilizes mechanical means for promptly and ac- 
curately positioning piezoelectric elements adjacent 
the bone being examined. 

Still another important object of the present inven- 
tion is to provide an ultrasonic bone densitometer 
15 which utilizes an apparatus for focusing sound waves 
created by piezoelectric transducers towards a prede- 
termined bone. 

These and other objects and advantages of the inven- 
tion will become apparent upon reference to the fol- 
20 lowing specification, attendant claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an ultrasonic 
bone densitometer constructed in accordance with the 
25 present invention, 

FIG. 2 is a perspective view illustrating a clamping 
apparatus which aids in positioning a piezoelectric 
transducer and receiver accurately relative to a finger 
of the person being tested, 

30 FIG. 3 is a perspective view illustrating an apparatus 
for properly positioning a heel of the person being 
monitored relative to a piezoelectric transducer form- 
ing part of the densitometer, and 

FIG. 4 is a sectional view illustrating a finger being 
35 inserted between a pair of piezoelectric transducers 
forming part of the subject invention. 

Referring in more detail to FIG. 1 of the drawings, 
there is illustrated a pulse generator 10 which has an 
input terminal 12. An external start pulse is applied to 
40 the input terminal 12 which causes a pulse to be gener- 
ated on output lead 14 of the pulse generator. The out- 
put lead 14 of the pulse generator is coupled to a selec- 
tor switch 16. The selector switch 16 has two inputs 18 
and 20, and four output leads 22, 24, 26 and 28. The 
45 input lead 18 of the selector switch 16 can be coupled 
through a movable contact 30 to either output leads 22 
or 24. When the movable contact 30 is coupled to out- 
put lead 22 such sends a pulse to an ultrasonic trans- 
ducer designated as the transmitter transducer 32 
50 which is associated with a clamping apparatus for mea- 
suring the calcium content of a finger of a person being 
examined. Normally the second joint of the third finger 
of the left hand is selected for measurement. The trans- 
„ mitter transducer 32 includes an arcuate shaped piezo- 
3 electric crystal 32, which has an arcuate shaped sili- 
cone rubber pad 36 adherred thereto by any suitable 
means, such as adhesive. 

A semi-circular piezoelectric crystal 34 (FIG. 4) en- 
60 compasses an arc of approximately 90° so as to focus 
the sound waves generated by the pulse being applied 
thereto towards the bone, and more particularly to the 
walls of the bone of a patient’s finger. As can be seen 
in FIG. 4, the subjects finger is identified by the refer- 
6J ence character 38 with the wall of the bone being iden- 
tified by the reference character 39. 

Diametrically oppposed from the transmitter trans 1 
ducer 32 is a receiver ultrasonic transducer 40. The re- 
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ceiver transducer 40 also includes a piezoelectric ele- In order to maintain an adjustable but constant pres- 
ment 42 that is separated from the finger by a silicone sure between the piezoelectric elements 32 and 40 and 

rubber pad 44. In one particular embodiment, the pi- the finger of the subject being tested, a spring 72 is car- 
ezoelectric crystals 34 and 42 are approximately one- ried on a rod 74 positioned between the vertical rods 
tenth of an inch thick, whereas, the pad 36 is approxi- 5 66 and 68. The rod 74 extends from an upper surface 
mately one-fourth of an inch thick, and the pad 44 is of rctangular member 70 through a hole in an upper 
between one-eight and three sixteenths of an inch rectangular member 76. Setscrews 80 are carried in the 
thick. The length of the piezoelectric crystals 34 and 42 sides of upper member 76 for locking the upper mem- 
are approximately one inch. ber 76 to the rods 66 and 68. The spring 72 is carried 

When the external pulse being fed over lead 22 is ap- 10 on rod 74 and abuts against the upper surface of rect- 
plied to the transmitter transducer 32 a ringing sound angular member 70 and a lower surface of rectangular 
is produced which is directed through the finger of the member 76. By adjusting the vertical position of the 
subject being tested. The receiver transducer 40, in upper member 76 on the rods 66 and 68 the pressure 
turn, detects this sound wave and generates a signal re- applied to the lower member 70 and, in turn, to the pi- 
sponsive thereto. This signal is fed over lead 46 to out- 15 ezoelectric crystals 32 and 40 by spring 72 can be var- 
put terminal 26 of the selector switch. It then passes ied. 

through movable contact 48 of the selector switch 16 In order to insure proper placement of the finger rel- 
to an amplifier 50 which amplifies the signal. The out- ative to the piezoelectric transducer 32 a micrometer 

put of the amplifier 50 is fed into an input of a bandpass controlled plunger generally designated by the refer- 

filter network 52. 20 ence character 84, is provided for engaging the tip of 

The bandpass filter 52 is set to pass signals in a band the finger. The plunger includes a stop member 86 car- 

of 25 to 125 kilohertz which encompasses a predeter- ried on the end of a rod 88 which extends through a 

mined range adequate for examining the finger and block 90 that is fixed to base member 64 by screws 91. 

heel elements of the subject. One purpose of the band- The rod 88 can be adjusted horizontally by rotating the 

pass filter is to prevent retriggering of the pulse genera- 25 micrometer adjusting head 84, which in turn, varies the 
tor 10 by the natural frequency of the transducer 40. position of the stop 86 relative to the end of the finger. 
The output of the bandpass filter 52 is fed back to the 

input of the pulse generator 10 over lead 54, as well as Referring in more detail to FIG. 3 of the drawings, 
to an oscilloscope 56 by means of lead 58. When the there is illustrated the heel bone unit. The heel bone 
signal from the bandpass filter 52 is fed back to the 30 unit is supported on a base plate 94. The transmitter pi- 
input of the pulse generator 10 such causes the pulse ezoelectric transducer 62 is carried on an adjustable 
generator to be retriggered. The frequency that the block 96 which is supported by vertically spaced hori- 

pulse generator 10 is retriggered is proportional to the zontal rods 98, 100 and 102. Springs 104 and 106 are 

density of the bone being tested. When the density of carried on the upper and lower horizontal rods 98 and 
the bone decreases, as a result of a loss of calcium, the 35 102 for applying a predetermined pressure on the block 
frequency of reoccurring pulses being generated by the 96. The other end of the springs 104 and 106 engage 
pulse generator as a result of the velocity of the signals an inner surface of a block 108. The block 108 has a 
flowing through the bone being examined increases. A bolt (not shown) extending through an elongated slot 
frequency counter 60 is coupled to the output of the 108a in the supporting base member 94 so that its posi- 
oscilloscope 56 for counting the frequency of the sig- 40 tion can be adjusted on the base member 94. The re- 
nals being produced by the receiver transducer 40. The ceiver piezoelectric transducer 64 is supported on a 
oscilloscope 56 is intended to give a visual picture of space block 110 directly opposite the- transmitter pi- 
the frequency being received from the receiver trans- ezoelectric transducer 62. A silicone rubber pad 112 is 
ducer 40. carried on the outer surface of the piezoelectric trans- 

it is important that the frequency count be taken a set 45 ducer 64 and is tapered so as to conform to the contour 
predetermined time after the initial external pulse, of the heel of the subject being tested. A similar pad is 
since the flesh of the subject will tend to flow as a result provided closely adjacent the transmitter transducer 
of the pressure being applied by the clamps holding the 62. 

transducers 32 and 40. During this test the finger also An adjustable block 114 is carried between the trans- 
tends to heat up, which would have some effect on the 5 mitter and receiver transducers 62 and 64 for engaging 
frequency being detected. the base of the heel of the subject being tested so as to 

By moving the movable contacts 30 and 48 to the assure proper positioning of the heel. - 

lower positions such are in contact with output leads 24 In order to enable the position of the block 114 to be 
and 28 of the selector switch which are, in turn, cou- 55 adjusted between the transmitter and the receiver 
pled to a transmitter transducer 62 and receiver trans- D transducers 62 and 64 a bolt 118 extends through an 
ducer 64 of a heel bone unit. The heel bone unit oper- elongated slot 116 carried in the block 114. The lower 
ates in the same manner electrically as the finger bone end of the bolt engages a pad 120 carried on the base 
unit. support member 94. By loosening the bolt 118 the posi- 

Referring in more detail to FIG. 2, there is illustrated 6Q tion of the block 114 can be adjusted, 
a finger testing apparatus. This apparatus includes a The operation of the unit shown in FIG. 3 for moni- 
base block 64 which has a pair of spaced vertical rods toring the calcium content of the heel bone is identical 

66 and 68 extending uwardly therefrom. Positioned from an electrical standpoint as the device shown in 

above the block 64 is a rectangular member 70 which ! FIG. 2. The subject being tested places his foot on the 
has holes extending therethrough so that such can ride 65 horizontal support 120 with the heel of his foot abut- 
up and down on the vertical rods 66 and 68. Positioned ting against the adjustable block 114. The block 108 is 

on the bottom of the rectangular member 70 is the pi- adjusted laterally relative to the foot so as to apply a 

ezoelectric transducer 32. uniform pressure thereto. The switch 16 is then shifted 
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downwardly so that the leads 18 and 20 are in contact 
with leads 24 and 28, respectively. An external start 
pulse is applied to the pulse generator 10 which causes 
the transducer 62 to generate an ultrasonic sound wave 
which is directed through the heel bone of the subject. 5 
The receiver transducer 64 detects the signal flowing 
through the heel bone and, in turn, generates an elec- 
tric signal which is fed through the amplifier 50 of the 
bandpass filter 52 back to the pulse generator 10 for 
retriggering the pulse generator. The frequency of 10 
these retriggering pulses is proportional to the density 
of the heel bone. The oscilloscope 56 and frequency 
counter are used for determining and monitoring the 
frequency of the retriggering pulse. 

While a preferred embodiment of the invention has 1 5 
been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood 
that changes and variations may be made without de- 
parting from the spirit or scope of the following claims. 

20 

What is claimed is: 

1. An apparatus for measuring the density of a bone 
structure so as to monitor the calcium content thereof 
comprising: 

a. A pair of opposed spaced ultrasonic transducers, 25 
one acting as a transmitter and the other acting as 

a receiver; 

b. a clamping means supporting said transducers in 

spaced relation for accommodating said bone 
structure to be examined therebetween; 30 

c. said clamping means including means for position- 
ing said bone structure in a constant orientation 

. with respect to said pair of opposed spaced ultra- 
sonic transducers; 

d. means for regulating the pressure applied by said 35 
pair of opposed spaced transducers on said bone 
structure being examined; 

e. a pulse generator means coupled to said transmit- 
ter transducer generating an electric pulse for caus- 
ing said transmitter transducer to generate an ultra- 40 
sonic sound wave which is directed through said 
bone structure to said receiver transducer; 

f. an electrical circuit means coupled between said 
receiver transducer and said pulse generator for re- 
triggering said pulse generator responsive to said 45 
receiver transducer receiving said ultrasonic sound 


wave; and 

g. frequency indicating means coupled to said circuit 
means; 

whereby the frequency that said pulse generator is 
retriggered is proportional to the duration that 
said ultrasonic wave takes to travel through said 
bone being examined which varies according to 
the calcium content of said bone being exam- 
ined. 

2. The apparatus as set forth in claim 1, wherein each 
of said pair of spaced ultrasonic transducers includes: 

a. piezoelectric crystals; and 

b. said piezoelectric crystals being arcuately shaped 
for focusing energy produced by said transmitting 
transducer towards the bone of a finger when said 
finger is positioned between said ultrasonic trans- 
ducers. 

3. The apparatus as set forth in claim 2, further com- 
prising: 

a. a calibrated adjustable abutting member carried 
adjacent said spaced ultrasonic transducers for en- 
gaging the tip of the finger when said finger is in- 
serted between said transducers for insuring that 
said finger is in the same position when the meas- 
urements are taken at different times. 

4. The apparatus as set forth in claim 1, wherein each 
of said pair of spaced ultrasonic transducers includes: 

a. piezoelectric crystals; 

b. inclined spaced supporting members having said 
piezoelectric crystals mounted thereon; and 

c. means for adjusting said supporting members to 
vary the spacing therebetween for closely accom- 
modating the heel bone of a person. 

5. The apparatus as set forth in claim 1, wherein said 
electrical circuit means coupled between said receiver 
transducer and said pulse generator includes: 

a. an amplifier coupled to said receiver transducer 
for amplifying signals produced by said receiver 
transducer responsive to said receiver transducer 
receiving said ultrasonic, sound waves; and 

b. a bandpass filter coupled between said amplifier 
and said pulse generator for passing signals in a 
predetermined frequency range. 

* * * * * 



